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Good morning! My name is Curt Bartholomew and | serve in the FCC’s Public Safety and Homeland Security Bureau as its new Senior Emergency Manager.

I would like to thank the Dayton Hamvention organizers and volunteers for setting up this forum.

You may have attended the other FCC forum yesterday with Bill Cross and Laura Smith regarding enforcement of the FCC rules. My role at the FCC involves
Public Safety, Homeland Security, and Emergency Management. While we do assist the Enforcement Bureau when asked, those activities are not our primary
focus.

I am very pleased to be here and happy to have this chance to discuss with you the serious side of Amateur Radio — Emergency Communications — and our role
in it, as Amateur Radio Operators.

I chose the title of this presentation because some folks have expressed concern by asking whether or not we are still needed. This presentation hopes to clearly
answer that question and much more. Do we have a utility problem? Do we have a perception problem? Will a rulemaking help? Will enforcement solve all
our challenges? These are some of the questions that are in need of an action plan. Recent positive publicity has given us a window of opportunity — we
should seize it and capitalize on it.

1I’m sure you are asking yourself: “Who is this guy? And why did I skip the other forums, vendors, and other activities to come here?” And you’re right to ask
that question.

During the past decade, | have served in senior emergency management positions at the Department of Homeland Security’s Office of Intelligence and at
FEMA HQ’s National Security Division. | also served as an expert on Continuity of Operations and Continuity of Government.

In 2002, | researched and authored the 50-page FEMA Emergency Communications Accreditation Program for Amateur Radio training, whose funding was
removed in 2004 to pay for a cost overrun in another program.

In the nineties, | deployed several times as a supervisory federal police officer supporting FEMA disaster relief deployments, spent a year as a Radio Shack
store manager, and retired from the US Army in 1993 as a decorated combat veteran and senior intelligence officer.

First licensed in 1970, | have served as a volunteer examiner since 1984 for both W5Y1 and the ARRL, and as a MARS operator in Germany while serving as a
Company Commander.

I recently served in the ARES service as Assistant Section Manager for Northern Virginia and Virginia District 4 Emergency Coordinator.
During the past 4 years | have served as the EC and RO of my county’s EmComm team consisting of 52 members.

Last summer, | activated and deployed our EmComm Team in support of the aftermath of a Tornado that hit just a few miles from my house. On May 8 last
year, in a matter of minutes, over 100 houses were damaged and 30 were destroyed. Thank goodness we had our Skywarn net up and running and we were able
to deploy to support the American Red Cross shelter and the county emergency manager.

Please hold your questions until the end of the slide presentation, because we have many slides to get thru, and | hoping you might forget your question by
then. Just kidding. If you’re anything like me, you’ll need to write your questions down so you don’t forget them.

First, for you history buffs, I’m going to show you how the Morse Code really got started (Next Slide).
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[Cartoon Deleted] We have several DTV information sheets and forms.

| also brought a few handouts and promotional items specifically for this Dayton presentation for those of you who succeed in surviving
this death-by-PowerPoint challenge.

We have an acronym brochure.

We have a “Bart’s Basics” brochure.

| have just a few FCC stickers in 3, 5, and 7 inch sizes. [[hold up for the audience to see.]]
We have 2 different bookmarks.

And finally, we have a couple of hundred engraved carabiners that were made just in time for Dayton. It's one of the few promotional
items | found that were both useful and affordable, so | paid for them myself.

To answer your question as to why you came here, here is what we would like to cover in this hour.

Although | tried to cut it down, there is a lot of information in this presentation

We are going to talk about the following 5 topics in the order as shown on the slide.

First, the obligatory organization chart and where my new Division fits into Emergency Response.

Then we will discuss our missions that are related to disaster and emergency response as they relate to communications outages.

Then, to help us visualize the bigger picture, we will take your thru a quick series of Telecommunications Technology 101 information
regarding the various current and future communications networks and systems and where some of their vulnerable points are that
become inoperative or are overloaded during emergencies and disasters.

Finally, we will talk a little about timelines, served agencies, the various EmComm services, guidance, issues, preparation for
significant events, and, most importantly, what you see as what the Commission’s role should be regarding EmComm .

There’s quite a bit of acronym soup here, so | have a handout with the acronyms in this briefing in case you need to check them.

>>JOKE<< Juggler & Highway Patrol traffic stop
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The creation of the Public Safety and Homeland Security Bureau advanced
Congress’s mandate in Section 1 of the Communications Act that the Commission
... promote the “safety of life and property” through the use of communications
services.

Creation of this new Bureau facilitates an essential Commission role ... to ensure a
robust and reliable public safety communications system and effective
communications during and after emergencies.

In creating the new Bureau, the Commission combined the public safety-related
functions of the Enforcement, Wireless, Wireline, and Media Bureaus, and the
Offices of Managing Director, Strategic Plans & Policy, and Engineering &
Technology, into a single Bureau dedicated to the promotion of reliable
communications for public safety and disaster management.
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The Bureau consists of three divisions: the Policy Division; the Public Communications
Outreach & Operations Division; and the Communications Systems Analysis Division.

Some folks have been wondering — since when has the FCC been calling its licensees during emergencies and
disasters?

Local governments do not usually welcome any calls from federal agencies; but in this case, we really are trying to
help them.

It started 2f?/ears ago after the formation of the Public Communications Outreach & Operations Division or PCOOD
— we are affectionately internally known as the PCOODers. We are a Division of the Public Safety and Homeland
Security Bureau, itself also new.

Because the FCC Bureau and Division | work in are just two years old, many of you may be unaware of their
existence or what they do.

The Public Communications Outreach & Operations Division (PCOOD) manages and leads the FCC’s All Hazards
emergency preparedness and response activities.

PCOOD operates both the FCC’s High Frequency Direction Finding Center (HFDFC) and the FCC Operations
Center (FCC-OC), a 24x7 operations watch and reporting center.

PCOOD staff members are subject matter experts in a variety of technical disciplines and deploy to the field to
provide assistance to FEMA, state, local, and tribal governments and the public safety community with disaster
response and recovery of communications.

PCOOD provides leadership and support for interagency working groups and intergovernmental coordination, and
guides FCC COOP, COG, and Pandemic planning.

Staff members also work with industry and state representatives on the development of state plans for
implementation of the Emergency Alert System.
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The Bureau’s key priorities are: (1) Public Safety; (2) Outreach; (3) Critical
Infrastructure; (4) Emergency Preparedness; (5) Emergency Response; and (6)
Continuity of Operations/Continuity of Government.
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First we establish a baseline, using Project Roll Call, which uses a special
type of spectrum analyzer.
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Here are some of the Systems Status that we check for during an emergency or
disaster:

PSAP
Status of transmission links — bearer channel and ANI/ALL.
Projected restoration time (if applicable)

Wireline
Status of infrastructure to remote electronics level.
Customers affected
Hicap facilities affected, including number of TSP circuits carried.
Blocked calls

Wireless
Status of infrastructure to county level.
Coverage maps.

Broadcast
Status of broadcasting facilities.

CATV
Status of system at head-end level, including powering.
Customers affected

Satellite
Status of earth stations
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Give an example of how it is used prior to and during a large emergency or disaster.
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Whether addressing the communications needs of hospitals, ensuring reliability of
communications in the event of a pandemic, or encouraging partnerships with state,
local, and tribal governments on issues of public safety, the Commission has shown
a strong commitment to the promotion of public safety.

That strong commitment is reflected in the depth and breadth of experience and
expertise within the new bureau.

On behalf of the staff of the Public Safety and Homeland Security Bureau, we look
forward to working with you and all stakeholders on these important public safety
Issues.

10
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o h ion areness, information gathering,
d'interpretation from internal and external agencies, media and
_nsee reporting.

scenarios that may have Public Safety, National Security, or
mergency Preparedness implications.

~® Operates and maintains all required systems in accordance with
NCS Directive 3-10, “Minimum Requirements for Continuity
Communications Capabilities,” July 25, 2007 and NCS Manual 3-
10-1, “Guidance for Implementing NCS Directive 3-10,” February
26, 2008.

Serves as the focal point and single point of contact for all secure

systems and communications for the commission.
Ver. 05-17-09 11
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Okay, that was a mouthful. Now what does all this mean to you and where does
Amateur Radio EmComm fit in within our Division?

When there is a local emergency involving lost communications for a significant
population and period of time, we call the state and local emergency management
offices (when we can) to determine the extent of the outages, what we can do to
help them get the outages fixed, what we can do to establish a dialogue between
the local governments and the licensed communications service providers, and
anything else we can do to help coordinate some immediate relief and recovery in
coordination with the National Communications System and Office of Emergency
Communications at the Department of Homeland Security, the National Technical
Information Agency, FEMA, and other agencies. The local requests could include
the need for more generator sets, generator fuel, site security for repair crews, Cell
[Towers] on Light Trucks (COLTSs), Cell [Towers] on Wheels (COWSs), Special
Temporary Authorizations (STAs), etc.

We will also ask if the local government is receiving any communications support
from the local or adjacent town’s Amateur Radio operators through the RACES,
ARES, or other EmMComm service programs. In the short time | have been with the
FCC, | have already heard some interesting local stories that tell us that the local
governments usually call Amateur Radio operators almost immediately when they
are suddenly without any electrical power or means of communication, such as the
Kentucky example | will mention after we get thru a few more slides.
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Some of the missions of the HF DF center are sensitive and will therefore not be discussed
in this forum.
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When an incident occurs somewhere in the US, the law and States’ Rights prevent
the federal government from immediately responding with aide.

A Presidential Declaration is needed first.
This slide depicts the process, which can take anywhere from a day to several days.

PDA=Preliminary Damage Assessment

[BACKUP]

The Preliminary Damage Assessment (PDA) is a joint assessment used to
determine the magnitude and impact of an event's damage. A FEMA/State team will
usually visit local applicants and view their damage first-hand to assess the scope of
damage and estimate repair costs. The State uses the results of the PDA to
determine if the situation is beyond the combined capabilities of the State and local
resources and to verify the need for supplemental Federal assistance. The PDA
also identifies any unmet needs that may require immediate attention.

14
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Under the Emergency Support Function 2 of the National Response Framework

(NRF/ESF-2), the FCC “provides spectrum management and frequency allocation
for the entities it regulates.”

16



ES10aioN teams and' senior personnel for assignment as the
JSEster Emergency: Communications Branch Director.
[erassist with the provision of communications support to

deral; State, tribal, and local governments, including public
saiety entities.

We assist with developing and conducting communications

restoration training and exercises.

We conduct outreach to all FCC licensees to determine: (1)

their needs, and (2) whether they have resources to offer that

would aid the restoration effort.

We perform such functions as required by law with respect to

all’entities licensed or regulated by the FCC.
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So, what are the FCC'’s specific duties in ESF-27?

17
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As you can see, we have a lot of counties in the U.S., and even more Public Safety
Access Points, which are usually local 911 Centers.

19
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During this process, the FCC notifies companies, generates tables, provides
Situation Report input, and generates charts and maps.
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Here is the data we record in the Disaster Information Reporting System.

Next, we'll provide some graphical output examples.

ALl = Automatic Location Identification (database) [returns location information to
the PSAP]

IXC = An Interexchange Carrier (IXC) is a U.S. legal and regulatory term for a
telecommunications company, commonly called a long-distance telephone
company, such as MCI (before its absorption by Verizon), Sprint

(before it spun off its IXC services in 2006) and the former AT&T (before its merger
with SBC in 2005) in the United States. It is defined as any carrier that provides
inter-LATA communication, where a LATA is a local access and transport area.
Wireless MSC/STP = Wireless Mobile Switching Center/Signal Transfer Point

MSC is the primary service delivery node for GSM, responsible for handling voice
calls and SMS as well as other services (such as conference calls, FAX and circuit
switched data).

GSM (Global System for Mobile communications) is the most popular standard for
mobile phones in the world.

26
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Here’s an example of a DIRS map.

This map shows switches that are down or on back-up power.
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Here’s another example of a DIRS map — this one shows all the broadcast stations
in a selected area.
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This example shows how many cell sites are down in an area.
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Next, we will talk about licensing and its benefits to Public Safety.

Then we will identify who the Public Safety Licensees are.

30
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Forestry-Conservation activities
=Rescue Organizations
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Now we will briefly talk about frequency coordination and interference resolution.
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Public Safety,
Erequéncy: Coordinators

= Association of Public Safety Communications Officials, Inc.

= International Municipal Signal Association

 Forestry Conservation Communications Association

- American Association of State Highway and Transportation Officials

All Four Coordinators are members of the

Land Mobile Communications Council (LMCC)
Ver. 05-17-09
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We coordinate with the National Technical Information Agency.

The NTIA Redbook’s real name is the Manual of Regulations & Procedures for
Federal Radio Frequency Management.

You can find the manual online at the link on the slide.
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® Federal Interoperable Frequencies
® 4.9 GHz Band for air-to-ground operation
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This is the goal of evolving systems — a 9-1-1 system that is accessible from any
device, anywhere and anytime.
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LENMOL Interoperable

\'Single national backup system not feasible in near
‘term; (cost)

Discrete backup solutions are feasible

There is increasing Regional and State planning which
enhances effectiveness of discrete solutions

Evolution of both commercial technology and perspective
of public safety should create opportunity for
interoperable backup communication system

Source: 2008 FCC Study Ver. 05-17-09

This info came from a 2008 FCC Study.
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PSAP=Public Safety Access Point (E.g., a 911 Center)

Within the hierarchy depicted on this slide, you will find that the Amateur Radio
Service support is normally centrally coordinated at the State and local EOCs.
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Here, the Amateur Radio Service support is considered a Public Safety Enterprise
Group.
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State and local public safety entities have to determine network design and day-to-
day operation based on local factors such as geography, population distribution,
public safety capacity needs, existing commercial network deployment, and, of
course, cost.

Many Public Safety networks use Internet protocol (IP)-based solutions and
consistent technical standards to help them interoperate.

This slide depicts the main technical decision elements considered by local
governments when planning their communications systems.
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Speaking of decisions, we have a few of our own to make when we respond to help
our local governments.

Is your Go-Kit ready?

Do you have a portable HF NVIS antenna?

Will you be using packet radio to support the Red Cross?
Are you proficient in message and traffic handling?

Are your spare batteries charged?

Do your repeaters have backup power?

What modes will you be using?

And the list goes on...
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Ver. 05-17-09

Here, you can follow the signal as it goes from the cell phone, thru the Mobile
Switch Office, to the Central Office and into the Public Switch Telephone Network,
to the 911 Operator.

Then the dispatch signal travels to the First Responder via a microwave path to a
repeater which sends the signal to the First Responder's Land Mobile Radio on
VHF, UHF, or on 800 MHz.
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The more you know about your customer and potential customers, the more
you will be able to understand their needs and to even advise them when
asked.

The next few slides could be considered as a very abbreviated version of
Telecommunications Technology 101.

We don’t have much time, so we can’t spend much time on each slide — it’s
just an overview to put into perspective the number and types of
telecommunications systems that could be resident in your area, and generally
where they could be disabled, disconnected, overloaded, or rendered
inoperable.

So, | will run thru the next several slides quickly just to give you a big picture of all
the system elements and networks that can fail.

The lines colored in red that connect the networks and systems together are
particularly vulnerable.
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But first, a few definitions.

The Central Office was once called the Dial Central Office, and before that, it was

called a switchboard.

The Central Office

AKA“Local Exchanger™

nKseIGLAEY
Nearby COs
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IXC = Inter-exchange Carrier

POP = Point of Presence

FDI = Feeder-Distribution Interface
PBX = Private Branch Exchange

CPE = Customer Premises Equipment

Tandem Switch

A telephone central office switch that links telco end offices together and
does not connect to the customer directly. Also called a "Class 4 switch" or
"TDM switch," a tandem switch is a computer that is specialized for TDM-
based, circuit-switched telephone calls. Tandem switches are typically from
Lucent and Nortel Networks.

In the past, most of the call recording and billing was handled by tandem
switches, also called "toll/tandem switches." Subsequently, such services
were taken over by end office switches.

Sector and Access Tandems

A sector tandem switch connects end offices for intraLATA traffic, while an
access tandem switch provides the connection between end offices and the
POPs for interexchange carriers (I1XCs).

In the past, Class 4 tandem switches dealt only with high-speed, four-wire

T1, T3 and OC-3 connections in contrast to two-wire local lines on Class 5 S0
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Repeater

Portable

Note: Subject to certain regulations, the repeater can be
connected to the public switched telephone network in order

for all the mobile units to place and receive telephone calls.
Ver. 05-17-09
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Portable

Trunked Repeaters

Rx F2

(1) Each channel is composed of two frequencies -- a transmit frequency and a
receive frequency. As in the case of the community repeater, the mobiles and base

stations transmit and receive on opposite frequencies compared with the repeater.

(2) Instead of operating as repeaters, the transmitters and receivers at the repeater  pgrtable
site can be connected to the telephone network to allow telephone calls to be made
and received. Early (pre-cellular) mobile tglepfone systems operated in this
manner.
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U.S. Cell Phone Subscribers Now Exceed
Wireline Subsecribers

Phone Subscribers

n
c
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=

—eo— Wireline
—m— Wireless
VolP

Source:
FCC

Starting in 2004, cell phone subscribers have exceeded landline subscribers.
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= S:840% of the US population has cell phones
- ® 18% of US households are cellular-only

* 50% of the millions of 911 calls are placed
from wireless phones (and growing)

- . . Ver. 05-17-09
Source: CTIA, the international association Fof Wireless communications

As a nation, we are becoming increasingly dependent upon cell phones.

What do you think the effect is when cell towers get overloaded or break down?

Can you see why the cellular providers are clamoring for more spectrum?

According to CTIA, the international association for wireless communications, as of
the end of last year, carriers had more than 270 million subscribers - an increase of
15 million from 2007. CTIA also said that providers saw annual revenues reach
$148 billion last year.

There are over 220,472 cell sites. 84% of US population has cell phones. 18% of
US households are cellular-only.

50 per cent of the millions of 911 calls received by Public Safety are placed from
wireless phones, and that percentage is growing. (Source: Dayton Daily News,
DaytonDailyNews.com, March 28, 2009, Jim DeBrosse, Staff Writer)
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Cellular companies have been clamoring for more spectrum during the past few
years as the number of cell phone subscribers has skyrocketed.

They are looking everywhere for it.

Guess what'’s included in “everywhere?”

You guessed it. The Amateur Radio spectrum.

Here, you see that there are about 3 %2 Billion cell phone subscribers worldwide,
going to 4 "% Billion in just 2 more years.

Add to that figure the high mobile data growth, which has doubled in the past 2
years, and you can see why they want more spectrum.



©» “Amateur Radio'si .
\ Spectrim Dollar'Value

sE/URE spectrum is worth $130,000,000
Auction, then between 144 MHz and

15 GHz, the Amateur Radio Service has
7.3 MHz of highly desirable spectrum.

s\\What benefits are we providing to the

American people that are worth
¥

Ver. 05-17-09

Let’s take a look at our very valuable Amateur Radio spectrum.
Are we making the most use of our prime radio real estate?
| realize the last 2 slides imply that we may lose this spectrum someday.

The point | am making here is that we need to continue to be good guardians of our
free spectrum.

And we must continue to show that we still deserve it.

What is the best way to show that?

60



Ver. 05-17-09

The best way to show that is thru our public service and emergency
communications.
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Do i lic roy e e el lons) s iels
/Microwave Relay Station

Note: Not to scale; microwave relay towers are typically
20-25 miles apart; spacing depends upon antenna height,
intervening terrain, and operating frequency.

Ver. 05-17-09

Okay, back to the basic telecommunications technologies that are out there.

Here’s another traditional wireless network — the point-to-point microwave
radio systems.

Please note that this diagram is not to scale.

Microwave relay towers are typically 20-25 miles apart.

Spacing depends upon antenna height, intervening terrain, and operating
frequency.
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Notes:

1. The spectrum is divided into
separate uplink and downlink bands
2. FDMA, TDMA or CDMA may be

used as access techniques
Ver. 05-17-09 63

1. The spectrum is divided into separate uplink and downlink bands
2. FDMA, TDMA or CDMA may be used as access techniques.
FDMA = Frequency Division Multiple Access

TDMA = Time Division Multiple Access

CDMA = Code Division Multiple Access
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§LEC provided xDSL technology with unbundled

eops/collocation

~Cableco-provided cable modem service using
upgraded, two-way Hybrid Fiber-Coax networks

— Terrestrial, wireless based providers using licensed and
unlicensed spectrum

— Satellite service providers

ILEC=Incumbent Local Exchange Carrier

CLEC=Competitive Local Exchange Carrler
Ver. 05-17-09

Here are some internet access techniques:

Modem dial-up

DSL from local exchange carriers
Cable modem service
Wireless-based providers

A

Satellite service providers

ILEC=Incumbent Local Exchange Carrier

CLEC=Competitive Local Exchange Carrier



ednternet.and Related

The Internet

emrs—£L_ D

Cableco HE

CO = Central Office CM = Cable Modem DSLAM = Digital Subscriber Line Access Multiplexer
CMTS = Cable Modem Termination System  Ver. 05-17-09 HE=Head End S=Splitter M=Modemss5

CO = Central Office

CM = Cable Modem CMTS = Cable Modem Termination System
HE = Head End

S = Splitter

M = Modem

DSLAM = Digital Subscriber Line Access Multiplexer
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=\ Ihenternet and Related

“Protocols
avertne Irrierrigt (VolP)

Internet ( \/7/

ISP Bl

i

Phone-to-Phone IP Telephony

% Internet —%

Computer-to-Computer IP Telephony

PSTN=Public Switched Telephone Network
Ver. 05-17-09
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.,__U S’ is Still the MajoraHulby.
of P Capamty

Ver. 05-17-09

The thickness of the connecting lines indicates the size of the pipe to each
continent.

You may not be able to read the numbers on this slide.

It shows that the US is still the Major Hub of Internet Protocol Capacity
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(o) = VolP
32% 2 lE—OmaiI

W Online Games
m Instant Messaging
m Other

Source: Sandvine, www.sandvine.com Ver. 05-17-09

This slide shows that P2P takes up half of all internet traffic, web browsing 1/3,
news groups 5%, email 1%, text messaging 1%, VoIP 1%, and gaming 1%.
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According to
US researchers
Yankee Group,
Americans

watch 7 billion
video streams
a month over
the internet,
and will watch
9 billion by
2011.

Source: Cachelogic, www.cachelogic.com Ver. 05-17-09

According to US researchers Yankee Group, Americans watch 7 billion video
streams a month over the internet, and will watch 9 billion by 2011.
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The goal of future networks is to have a customer node that integrates all devices
that use, or can use, the internet.

Edge Node: controls the distribution of network routing information
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The Future of 9-1-1 and Emergency Communications
A Blueprint for a ‘'System of Systems’

Emergency Respander
service FUNction(s)

{Law Enforcament, Fire, EMS,
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1P Network Frivate Web
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pleceding slides all have in
common?

_ 2. Wire or cable that can break

3.

Ver. 05-17-09

1. They are all susceptible to overload

2. Wire or cable that can break

3. Need for continuous Electrical Power
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~ “Emergency response providers include
:'Federal, State, and local government

= emergency public safety, law enforcement,
- emergency response, emergency medical,
and related personnel, agencies, and
authorities.”

...then who are First Responders?

1. Homeland Security Act of 2002

Ver. 05-17-09
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Flrst Responders
P =25 Mﬂllon People

Fire Police

Ver. 05-17-09

First responders include police, fire, and EMS.
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Ver. 05-17-09

Emergency Responders include First Responders.
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\ REmMErgency Responders
~ 10" VieR People

PSARS handing E-911 and similar services
Fpublic—health departments

= i_,060+ emergency mgmt dept.’s Private—Sector NGOs

- Public woerks and transportation officials

Federal agency response coordination officials, for example
DHS; the Department of Health and Human Services, and the

Centers for Disease Control
State and municipal leadership and other key decision makers
)1 85-17-099) D

*As you can see, we have a lot of potential customers.

*RACES volunteers are normally associated with Emergency Management
departments, EOCs, and other government-to-government communications.

*Emergency medical facilities are usually supported by ARES, ACS, and specialty
groups such as hospital EmComm groups. Their function there is to back up the
communications that are critical to patient care. A good example is HDSCS in
Orange County, California. HDSCS stands for Hospital Disaster Support
Communications System.

*When responding as hams, you could say that we are emergency responders who
support other emergency responders.
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MEmergency SupportJuimelines

Ver. 05-17-09

We know that all wireless infrastructures are vulnerable to power outages
caused by weather events, overloading, criminal activity, and accidents.

But how many of these communications infrastructures have redundant
capabilities and backup power that lasts longer than 24 hours?

In my experience, very few.

In some cases, cell networks from several counties are routed through just
one Mobile Telephone Switching Office (MTSO), and many cell networks
depend on the local Central Offices (which can handle 10,000 or more
phone lines) to route their calls.

About 10,000 of the 670,000 licensed Amateur Radio Operators are
prepared and ready to immediately support EmComm and traffic exchange
operations.

Many others can also help with a minimum amount of preparation.

As shown on this slide, the first few hours of any emergency are usually the
most critical in terms of Amateur Radio Service support.
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) ™ The “Served AQERCIEST

Fire / Emergency Transportation Coroner
Medical Services Dept. EMA
|

 Parks Dept.

- : S Health Dept.
County Police

Y Sheriff’s Dept. E \m

Utilities Dept.

DHS-FEMA, DHS-NCS, etc.

Ver. 05-17-09

These are most of our customers at the local level.
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2 Mealthe & \WelfaresvIessaging

seUEsecial network underlies everything else we

=Mmay do to survive. My experience providing
mental-health services at disaster sites and
hoespital emergency centers convinced me that |
needed to get a ham radio license."

—IWayne Rosenfeld, Norwhich, CT

Ver. 05-17-09
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-":‘“Response to Katrina

e

N
Source: ARRL Public Service Web Site:
http://www.arrl.org/FandES/fieId/PubIicServiceStories/inq%;]t%’.lq\#w1&ofst:30

These are photos taken by Amateur Radio operators responding to
Hurricane Katrina.

In one photo, two operators are seeking gas for their generator sets.

Another photo shows the tents, antennas, and trailers used by the
operators at one of the “Camp Katrina” sites.
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’I FEMA-1818-DR, Kentucky
Disaster Declaration as of 03/09/2009

I

‘l o Deaguation TS Mapping & Analysis Conrer
‘ MWashtmgien, DC
l:l Puble Assstasee 030209 - 05:10 PMEDT
LEZ' N ] l:l Public Assistance (Categories A and B) Seurce. Dizuzier Federal Repiciry Notice
— Amondment No. 2 - 03092008

AT coumtes ane eligbie
Jfor Hazard Mitiyation

According to FEMA, most of Kentucky’s counties needed public assistance.

My division called every affected county’s emergency management office to ask
their status and what we could do to help them.
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Ice knockedlout
communications

Photo Posted by wrxmike at forums.nasioc.com 2/1/09

Ice knocked out communications

According to Jack Brammer of the Kentucky Herald-Leader on 3/10/09, “The Kentucky ice storm was the most catastrophic
natural disaster to hit Kentucky since the New Madrid earthquake of 1811...”

"In much of the state we lost the means to communicate," Adjutant General Edward W. Tonini said on 9 March to members
of a House legislative committee in a presentation about the state's response to the January storm, which knocked out power
to more than 770,000 customers and is blamed for at least 36 deaths.

General Tonini said the hardest-hit areas of Western Kentucky lost all means of communications.

He said, "In many cases, the total extent of our emergency eyes and ears were a couple of satellite radios and a few ham
radio operators operatmg on batteries."

The poor communication also delayed the notification of some National Guard members, whom Gov. Steve Beshear
activated, General Tonini said.

If anyone thinks trained Amateur Radio Operators are no longer needed for communications emergencies, outages, or
disasters, he just needs to listen to what county emergency managers tell our FCC operations staff when we call them during
their communications outages.

As most of you already know, during the first few hours of most communications emergencies throughout the U.S., Amateur
Radio Operators are usually the first communicators to respond to the aid of local governments and Volunteer Organizations
Active in Disasters (VOADs), like the American Red Cross.

You show up with your own radios, generators, batteries, antennas, tables, chairs, necessities, and food supplies at a time
when many of your neighbors are bugging out.

During the Kentucky ice storms of February this year, one county Emergency Manager who | called told me that he was
initially unable to talk to his State EOC to inform the State of his county’s situation and needs. The sheriff finally sent a
deputy with a 4-wheel drive vehicle and a chain saw to cut through the road debris and blocking tree limbs to pickup his
prinllﬁlr?/SAmateur Radio Operator, who promptly made contact with both the State EOC and an adjacent county via HF using
an antenna.

Most counties and cities cannot afford or justify expensive redundant backup communications systems. This fact makes your
free service increasingly valuable to your hometown government. The FCC appreciates that many of you are using your FCC
licenses to serve in communications emergencies and disasters. It is Amateur Radio’s highest calling.
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s'EmComm Services involving Hams include:

— FNARS, SHARES, MARS, CAP, SATERN, SAR, ARES,
RACES, ACS, Skywarn, Red Cross, hospital groups,
Citizen Corps, CERT, NCS, APSCO, etc.

Ver. 05-17-09

As | have pointed out thru examples, the Amateur Radio Service, in addition to being a fun hobby, is also a very important local,
regional, and national emergency communications system and asset.

When cell phones, regular phones, the internet and other networks and systems are down or overloaded, ham radio can still get
the message through.

Ham radio is a key communications service that has saved lives and property when regular communication systems failed.

Many lives are saved when skilled ham radio hobbyists serve as emergency communicators to render aid during emergencies,
tornados, and earthquakes both here and abroad. On September 11th, 2001, many ham radio operators, including several hams
and a mobile repeater from my county, helped relay key information for the Pentagon and New York City authorities. After
hurricanes Katrina, Wilma, and Rita struck communications infrastructures, volunteer ham radio communicators provided vital
communications that often involved life-and-death situations.

Who are the Hams who volunteer for EmComm?

There are 10,000 to 40,000 Amateur Radio operators who come from all walks of life, ages, and income levels. Increasingly, we
are seeing that the bulk of volunteers, like me, are bordering on being senior citizens. We hope they will continue to maintain their
good health so that they will be able to handle the physical part of EmComm, which includes lugging heavy gel cell batteries,
generator sets, coolers, and sometimes even boat anchors, to a site where they are needed.

All EmComm operators have in common a basic knowledge of today’s wireless technologies, regulations, and operating principles,
even if they memorized all the answers to the tests. I'm glad no one laughed, because if you look at what is contained in the
license requirements for a Technician license, you will see that this basic knowledge is somewhat demonstrated by passing an
examination for a Federal Communications Commission (FCC) license to operate on the Amateur Radio frequencies. But you all
know that the real learning occurs AFTER the license exam is passed.

Why a License?

The bulk of licensees eventually translate into a pool of self-trained technicians able to provide backup emergency
communications. We at the FCC acknowledge the ability of Amateur Radio licensees to not only advance radio communication
and technical skills, but also to enhance international goodwill.

What's the Appeal of EmComm?

Some EmComm operators are attracted by the ability to help their own community communicate at a time when they are struggling
to contact the adjacent county or the State EOC.

Others who build and experiment with electronics are able to translate those skills into providing troubleshooting help at their local
agencies. Because hams are at the cutting edge of many technologies, many also avail their other skill sets to help their local
governments and organizations during times of emergencies.

Many skilled EmComm operators also have a Morse Code key next to their modern transceiver. Many of them can copy the code
faster than most folks can type, using a tiny amount of bandwidth, and just enough low power to punch thru QRM and QRN.

APSCO: Associated Public Safety Communications Officers FNARS: FEMA National Radio System

ARES: Amateur Radio Emergency Service RACES: Radio Amateur Civil Emergency Service

CAP:  Civil Air Patrol SAR: Search & Rescue

CERT: Community Emergency Response Team / DHS-FEMA Citizen Corps

MARS: Military Affiliate Radio System SATERN: Salvation Army Team Emergency Radio Network
NCS:  National Communications System SHARES: Shared Resources / NCS
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*#“ Today/s Challenges

S Eeriormance=Orented Training
SSEEguipment
S ®rNational Standards
' — Digital comms,
— Traffic handling,
— Net control,
— International Phonetic Alphabet,
— Individual & team composition,
— Forms, protocols, IDs, Go Kits
— Integration of comms services
— Etc.

Ver. 05-17-09

While it is incumbent upon each volunteer emergency communicator to obtain all the necessary specialized training
needed to be an effective emergency communicator when called upon, up until now, there has been no single regional
or national source where certified performance-oriented training can be obtained.

Today, licensed volunteer communicators are usually not required to show their ability to setup and skillfully operate
communications equipment to a standard for emergency communications.

We don’t have a national standard for digital communications — this is needed because agencies such as the American
Red Cross need us to use a transmission mode that offers some accuracy and at least a modicum of security for their
patient lists and other data known as Personally Identifiable Information, or PIl. While we are waiting for consensus
on this issue, packet radio still seems to be the most common digital mode used for this purpose. Unfortunately, even
packet radio, which is about 2 decades old, has few practitioners available for EmComm.

What | am saying here is that as an EmComm service, we do not have enough trained members. Part of this reason is
due to the fact that we do not have any national standards for EmComm. No federal agency has stepped forward to
help fill this void and we cannot expect the ARRL to do everything for us.

The volunteer EmComm mission demands development of standards for emergency communications skills needed by
volunteer responders to:

1. Help every town prepare to respond to emergencies and disasters
2. Minimize effects of disasters and emergencies through better communications preparedness

We need standards that:

Comply with the National Incident Management System (NIMS)
Establish Response Standards

Mesh with the Incident Command System

Ease Mutual Aid initiatives

Provide a basis for credentialing

Provide seamless Communications Interoperability

© gk~ wdPE

84



Sioday’s Challengesy@ont'd)™

Ver. 05-17-09

The National Conference of 14 VVolunteer Examiner Coordinators (NCVEC) has done a
great job with coming up with examination questions on a volunteer basis. However, it is
up to us to help them write suitable questions.

I have been proctoring examinations since 1984. In my experience, the vast majority of
candidates only memorize the question pool ANSWERS. Since there is no way to stop
candidates from memorizing the answers, why not rewrite the same questions but changing
their answers so that each answer is a complete statement of the knowledge desired from the
question?

My recommendation is to write each correct answer in a way that memorizing it will result
in memorizing the element of knowledge desired by the question itself. Some questions
already follow this protocol, most do not. Examples on the next slides.

| added “getting along” on this slide because when | served as an Assistant Section Manager
and District Emergency Coordinator, most of my time was spent dealing with personality
conflicts that should have been resolved in grade school. Maybe we need to encourage some
clinical psychologists to join our ranks.

Life is too short; let’s get along with each other.
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=47 {01 148 MHz

- B. 222 to 225 MHz
C. 420 to 450 MHz
D. 50 to 54 MHz

Ver. 05-17-09

Here, the memorizer has memorized the 2 meter band authorization.

That knowledge is useful to know.
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JHIC04 (B) [97.301(a)]

WHICh frequency is within the 6-meter band?

- 2ok,

— A 49,00 MHz
B 52.525 MHz
C. 28.50 MHz

D. 222.15 MHz

Ver. 05-17-09

Why?

Memorizing 52.525 MHz is not an element of useful knowledge in and of itself.
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Emergency
Communications

Accreditation Program

Preparing Conmunities
Through Excellence in Emergency Communications

Regarding standards, here’s a little bit of history not widely known.

Since 2003, with the retirement of Paul Reid, the FEMA frequency manager, and the
departure of Ross Merlin, there has been no federal RACES program management at FEMA
or the FCC.

In 2004, when | was a FEMA employee, and after 3 years of coordination, | proposed a
FEMA training program primarily for Amateur Radio Operators that was approved and
funded initially at $330,000.

Unfortunately, a cost overrun on an unrelated classified software program in the same
office, caused the program, dubbed the Emergency Communications Accreditation
Program, or ECAP, to be cancelled for lack of funding.
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- 0 national ID (HSPD-12) or credentlal

~ = No National-Level Integration of EmComm Services
(E.g., NTS, MARS, ARES, RACES, etc.) (see next slide)

e No national ARS NIMS Resource Typing approved
* No Hands-On Certified Training

ARS=Amateur Radio Service Ver. 05-17-09

These are areas that could improve our interoperability, efficiency, and usefulness
to our served agencies.

If you have ever listened to an emergency net, you will quickly come to the
conclusion that we need more training in message handling, net control, and the
use of the International Phonetic Alphabet, to name just three items.

| have brought with me a few copies of a brochure | made up a few years ago that |
call “Bart’s Basics.” Please take one, if you like, to use as a reminder.

Can the FCC fix all of these challenges? Maybe not. But ignoring them won’t make
them go away, either.
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DRAFT --- NoTFoRPUBLIC CIRCULA TION

Suggested “Coordinated Net Plan”

['ypes of
Organizations|

short Range
Local Communigations

DRAFT#M33Q.20r DRAFT Pagedfofdd
S A M 0o pyright 2003, Curt . Bartholomew

This is a pictorial example of how we could coordinate nets among the EmComm
services, from my 2003 ECAP plan.



Civil' Preparedness Guide CPG e

atedVarch 18, 1091
{GW *Sunset” (rescinded unless deliberately reauthorized)

No FEMA RACES Program Manager since the 2003
“retirement of FEMA frequency manager Paul Reid
— Translation: a void in RACES guidance from FEMA

e QOther Services
e FCC Rules: Part 97, Section 407
e Commission’s Role?

Ver. 05-17-09

Several states experience challenges from EmComm volunteer services that insist on competing with one another.
In some, there are ARES, RACES, & ACS challenges.
The situation we have now started in 1952 with the formation of RACES in the post-war era.

Remember that RACES is a service, not an organization. However, local governments can form their own local
RACES organizations. This is why RACES organizations are different everywhere — there’s no national
standard for them and no national program manager. RACES is available to local and state governments for
government to government communications. With the exception of a few rules in Part 97, RACES is not
controlled or directed by the federal government at the state or local levels. Sometimes, federal employees
forget the existence of States’ Rights and try to pass rules to force states to comply. There are no such rules that
require States to use the RACES service or any other EmComm service.

ARES, SATERN, Skywarn, and other programs are all both services and organizations.
Skywarn is a service of the NWS.

What are we going to do about this situation?

Here’s my suggestion:

All local Emergency Managers should reach out to include all available EmComm services in their EmComm plans
and should use their services in their exercises.

What are the advantages of each service?

The RACES service gives EMs direct control over their assigned and registered AROs.

RACES is also a federally supported service. This fact makes it easier for some local jurisdictions to justify requests
and grants for equipment, antennas, and working space for their EmComm teams who support the local
government.

On the other hand, ARES, SATERN, Red Cross, and other VOADs that use EmComm volunteers provide the EM
much more flexibility in coordinating and deploying volunteer EmComm assets. There’s no one-hour-per-week
training limitation and you aren’t limited to government-to-government communications.

The jurisdictions that have combined the ARES and RACES programs seem to be the most successful in the nation.
Those jurisdictions that shut out any one program are less successful.

And finally, what do you feel is the Commission’s role in EmComm?
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Does this form look familiar?



Recommendation:
—— Use a radio form like the radiogram instead

= Or add a couple of lines to ICS-213 to capture
the radio data needed, such as the draft
shown on the next slide for interim use

Ver. 05-17-09
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POSITION

|acaress:

€Email / Phone

POSITION
|ivdress:

€Address .

lsuBJECT

DATE: frime:

Humiber. Precedence;

Hi: station of origin: Gheck. Hace of origin:

_

MESSAGE?

[sIGHATIRE

POSMON:

RECTD [From:

SN [io

kEPLY

DATE:

frinae:

[SIGHATIRE P OSTIOH,

Sent To:
eDate:

eTime:

This modsfied IC5 FormZ13 ia fvended for nae by radic GPerators 1a fTack mesiages via Radiograms, E-bails, Digirdl, Winlink, arc.

163 215-via padio

CHS 2007 H3GE

In this draft radio form, there is no lost space with the added data elements.

The data elements were added into the blank space occupied by the word

“‘Message.”

This modified form doesn’t have the underlined spaces to help you count the words

for the word “check,” but it is a step in the right direction.
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THE AMERICAN RADIO RELAY LEAGUE

RADIOGRAM

VIA AMATEUR RADIO

ETATION OF ORIGIN TIME FLED

THIS RADID MESSAGE WAS RECEIVED AT
AMATEUR STATION PHONE
NAME.

STREET ADOREES
CITY. ETATE P

SENT

e =
LICENEE, TrE Q5T MAGRINE ONE OF T8
FUNCTIONE 1S BROMOTION OF BUELIC EEAVICE COMMUNICATION AMON AMATEUR
= 3 T THAT END. T S AS GRBANIZED THE NATIONAL TRAFFIS
BELAERNE THIE UESEAGE TO YOU. PUBTHE o " EYETEM POR DALY NATIOWIOE MESSASE mANDLNG.

GETAINED PROM ARRL HEADDUARTERE: 228 Mal STAEST, NEWNGTON, CT 017 PANTED N A

THE AMERICAN RADIO RELAY LEAGUE

RADIOGRAM

VIA AMATEUR RADIO
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SREGIACH youl dor this?
'ist yourrlecal EM to abtain a “commoen eperating picture™ to
givertie local gov't “situational awareness” needed to make
ICKEEECISIONS! for resource allocations.
eflecal gov't can provide you their information needs in terms
What ther MARS program calls EEI — essential elements of
Afenmation.
= ©Onerway. is to strategically locate eyes and ears at locations that
~ are pivotal to decision-making.
— Remember: Gather (not collect) disaster intelligence
— Take an Emergency Communications Course, such as the ARRL
ARECC Level I or the upcoming Advanced EmComm course.

* Do you have anyone in your club who can troubleshoot
computer networks, radio systems, or antenna systems?

Ver. 05-17-09 97

You can relieve other agencies, such as law enforcement, fire, and rescue, of some
duties that you may be qualified or trained to do for them.

Be careful about using the term “disaster intelligence” that has been floating around.
If you use this term, remember that you can only “gather” intelligence, you cannot
collect intelligence. Per presidential Executive Order 12333, and other rules of the
executive branch, only certain members of the US government’s Intelligence
Community are allowed to “collect” intelligence. It’s splitting hairs, but it has legal
issues associated with it. As an example, the CIA can collect intelligence, but the
DHS Office of Intelligence & Analysis can only gather and analyze intelligence.

While we are waiting for “the big one,” perhaps we could look at offering our local
emergency managers some additional skill sets available from our EmComm team
and local ham club. These skill sets could include those related skills that are useful
in an emergency, such as the ability to troubleshoot their computer networks, radio
systems, or antenna systems. You might be surprised to discover the professional
talent and sophisticated test equipment that is resident in your ham club. There
aren’t many emergency managers who would turn down free professional
assistance.
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?“‘Pﬁe We Prepared to Respondss
- to S|gn|f|tant Events9

~local governments, VOADs, and citizens
during significant events?

VOAD = Volunteer Organization Active in Disasters
Ver. 05-17-09

((add logos for ARES, RACES, SATERN, Skywarn, Red Cross, etc.))

So the challenge we face is not a question of whether or not Amateur Radio Operators are still needed, but rather
if Amateur Radio Operators will be prepared enough to provide the connectivity and level of service sufficient
to be of value to local governments, VOADSs, and citizens during significant events. This is a topic that needs to
be routinely and thoroughly discussed among ourselves and with our served agencies. We need to place the word
“major” in front of any type of emergency and ask ourselves how prepared we are to respond to any of them: a
major earthquake; a major tornado; a major hurricane; a major disaster; a major criminal act; or a major terrorist
attack. How often has a major weather or other major event hit your area? Once every 5 years, 12 years?

Small emergencies help prepare us for larger ones. The ubiquitous and generally resilient nature of modern
wireless communications networks increasingly affords us fewer opportunities to train because the smaller
emergencies are repaired relatively quickly — perhaps within hours — and in many cases, circuits are routed around
the problem area.

Although there is a ubiquitous deployment of wireless communications devices, Amateur Radio Operators are still
needed to assist with emergency and disaster communications. Blackberries and cell phones are normally the first
systems to become unusable in most significant emergencies. As you know, although CB, FRS, MURS, and
GMRS radios are easily available, they have an extremely short range and there is very little organization or
infrastructure to use them as versatile and dependable communications systems. We must acknowledge, however,
that the increased cell phone infrastructure, and its generally good resilience, has lessened the need for Amateur
Radio Operators for small emergencies in modern times. Some of you will recall when Amateur Radio Operators
were the only folks who could get a phone line while mobile or away from a landline phone. Our repeater “auto-
patch” capability was a lifesaver in those days — and it still is in parts of every community without ubiquitous cell
phone coverage. We had a car accident ham radio rescue in my own county 2 years ago; in an area without cell
phone coverage. One ham relayed information to the 911 Center while another ham relayed an EMT’s life-saving
instructions to the on-scene ham radio operator via the county 2-meter repeater.
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ihe.Boettompne

henvalirelserfails;”
If there is:

* No Pre-Familiarization,
® No Pre-Planning, and
® No Training,

then Amateur Radio will fall, too.

And citizens and property will be more at risk.
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This ig
If we are telling our served agencies that we are ready, then we should be.
As a nation, we tend to forget events and become complacent.

For example, we haven’t had another 9/11 for 8 years, so some folks feel it won’t
happen again.

We haven'’t had another tornado or hurricane recently, so some folks feel they won't
get another one either.

The more time passes without an incident, the more complacent we become.

As a senior intelligence officer for the past few decades, | can assure you that there
are many nasty individuals who spend all their time planning and training for our
demise. We catch many of them and we monitor most of the rest of them, but it is
nearly impossible to catch them all.

Don’t worry about what others think — they may not be the self-professed experts
they think they are. Every club has at least one.

Do you feel lucky?
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Good luck is often with the man who doesn't include it in his plans

You may have seen this poster before.

It says that “good luck” is often with the man who does not include it in his plans.’

Note the cell phone display shows “1 Call Missed” — indicating that this bomb’s
electronics for the firing mechanism were hooked up incorrectly,

which makes the person holding the bomb device very lucky indeed.

So what’s our next step? Here’s what | propose:
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SNCONIVENE an FCC Emergency Communications Summit for
Volugiigefs

@dress Issues and Concerns:

SEED., Standards, Forms, Go Kits, Response Vehicles, Protocols,
Digital' Medes, Hands-On Training, Recognized IDs, Integration of
Services, NIMS Resource Typing, etc.

= Eorm: Community Committees to Make Recommendations
— Develop a 5-Year Action Plan

Desired Result: better organized, equipped,
trained, standardized, integrated, and recognized
volunteer emergency communications responders

Ver. 05-17-09

Okay,
We've talked about the new PSHS Bureau, how it is organized and what it does.

We've outlined Current & Evolving Telecommunications Networks & Systems that
can lose power, fail, or become overloaded.

We defined that we are Emergency Responders, not first responders.
We talked about other services we can provide our served agencies.

Now we need to identify our most pressing volunteer EmComm challenges & what
role the FCC can play to help us continue to move forward with our current
momentum.

| propose we convene a summit later this year to discuss the formation of a 5-year
action plan to address the concerns of the Amateur Radio emergency response
community that it feels need national attention.
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We have walked the walk and talked some of the talk.

Let’'s move forward with some more talk followed by action so that
we can compose the song that we need to sing.

We’'re playing a new ballgame in a new era.

We have the support of many agencies and groups.

The road ahead is not yet clear, but we are coming out of the fog.
Let’s move forward together in a shared vision.

Working as a team, we can combine our skills and resources to
handle the job before us to take care of our families, our
neighbors, and our great nation.

It isn’t enough to be prepared.
We have to be ready!
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Everyone knows that assembling a Go Kit for an emergency communications deployment is not
cheap. Extra batteries, food, connectors, cables, antennas, a mobile rig, a packet TNC, and the list
goes on. Our hobby is not cheap and deploying with a full radio station takes time, effort, money, and
dedication.

Unemployment has doubled in many areas of the country. You could have put any extra money you
had in the bank, under a mattress, or to pay down bills. Instead, you put your own needs aside and
spent the money to prepare to help your neighbors for the next emergency and disaster.

You work hard to serve your community and you ask for nothing in return. You rarely receive any
recognition.

When the lights go out, the cell phones die, and the Internet connection is gone, you fire up your rigs
and rush in to help your local governments link up with their State operations centers. Then you help
your neighbors let their loved ones know they need help or that they are OK.

The FCC heartily applauds all the patriotic ham radio operators who, in spite of our poor economy
and their personal circumstances, have reached deep into their pockets to buy the items needed to
stock their Go Kits to be ready at a moment's notice.

You are the silent EmComm patriots of America.

The FCC salutes you!
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» Without you, | would be
talking to myselt

Ver. 05-17-09
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Ver. 05-17-09

Questions?

Prepared: “properly organized or equipped”
Ready: “‘completely prepared or in fit condition for immediate action or use”

Possible Questions:
1. RACES: Why do we still have it?
2. Guidance on preparations:

a. Take ARRL AREC Courses, see the Orange County Hosp. web site; etc.
3. Credentials for responders
a. HSPD-12 — FRAC-- First Responder Authentication Credential
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Backup Slides Follow

Ver. 05-17-09
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Frequency Frequency Frequency

- Orthogonalize users in - Orthogonalize users in - Quasi-orthogonal users
frequency domain time domain due to different spreading

codes (all use the same
channel simultaneou%);)

Ver. 05-17-09

» Code Division Multiple Access (CDMA) has been known for a long time, and used in military
communications, but has only recently found widespread use in commercial systems with the
introduction of 1S-95.

*In general, CDMA achieves quasi-orthogonal multiple access via low cross-correlation
spreading sequence, so that multiple users can share the same channel with little interference.

* In some situations (forward link) it is possible to achieve orthogonal CDMA via orthogonal
spreading sequences (e.g. Walsh sequences) in which case, in the absence of multipath, the
performance and spectral efficiency of CDMA is equivalent to that of FDMA/TDMA.

» Multipath propagation destroys the orthogonality in orthogonal CDMA in that interference from
other paths is present.

*In a TDMA cellular radiotelephone system, each radio channel is divided into a series of time
slots, each of which contains a burst of information from a data source, e.g., a digital computer.
During each time slot in a GSM-type system for example, 114 bits are transmitted, of which the
major portion is information to be transmitted, including bits due to error correction coding, and
the remaining portion is used for guard times and overhead signaling for purposes such as
synchronization.

*In a GSM-type system for example, a frame comprises eight time slots. The number of different
users that can simultaneously share the radio channel is related to the number of time slots in
each TDMA frame. In general, the maximum number of users is the number of slots in each
frame, but it is possible that one user may be assigned more than one slot in each frame. The
successive time slots assigned to the same user, which may or may not be consecutive time
slots on the radio carrier, can be considered a logical channel assigned to the user.
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